Abstract: The purpose of this work was twofold: to determine prevalence of hypertension and high normal blood pressure in university students, and to assess impact of body weight status, field of study and selected lifestyle factors on the arterial blood pressure (BP) values. The research was conducted in a group of 731 male and female full-time academic students who volunteered as participants in the study. The thickness of skinfolds was measured in three standard places. The percentage of fat was determined using the body composition analyzer. Body height and mass, waist circumference, hips and the largest right thigh circumference were measured and anthropometric indices calculated. The blood pressure values were measured according to the Korotkov method. Data were analyzed using quantitative and qualitative methods, oneway analysis of variance (ANOVA) and linear regression analysis. The chi-square test of independence and linear regression analysis were used to assess impact of selected factors on BP values. High normal BP was found in 19% of women and 23% of men, and hypertension in 10% of women and 32% of men. Factors having a very high effect on BP values in both women and men were the somatic structure and fat content in the body. A positive correlation was found between subscapularis muscle fatty infiltration and BP values in both women and men. Majority of lifestyle factors were not associated with BP values but smoking and alcohol consumption. The field of study and level of physical activity were directly associated with high normal BP and hypertension. In conclusion it should be stated that high blood pressure is a growing problem in young adult people with men being more likely to be exposed to this condition than women.
Introduction
Blood pressure is the degree of pressure that blood exerts on the walls of blood vessels. The magnitude of this pressure depends on two factors: the strength with which the heart pumps blood into the bloodstream, and the elasticity and size of the blood vessel cross-section. The marginal value of pressure that indicates hypertension is 140/90 mmHg for all age groups (Middeke et al. 2006) . Hypertension is one of the most prevalent diseases because it affects over 20% of the world's population. In 2000, about 1 billion people suffered from it, and it is predicted that in 2025 this number will increase to 1.5 billion. In 2011, the results of the NATPOL (Studies on the prevalence of hypertension in Poland) 2011 research program were presented, which once again evaluated the epidemiology of hypertension in Poland. It was shown that hypertension is present in 32% of adult Poles (<80 years of age) (Januszewicz and Prejbisz 2012) . At median height, the age-specific differences in the 90th BP percentiles compared with German oscillometric reference ranged in boys from 3 to 2 mmHg and from 5 to 1 mmHg and in girls from 0 to 3 mmHg and from 5 to 1 mmHg for systolic (SBP) and diastolic (DBP) blood pressure, respectively (Kułaga et al. 2012) .
There is growing evidence that heart and circulatory system diseases, including hypertension, are associated not only with genetic determination but also with modifiable risk factors such as: overweight and obesity, lack of exercise, increased intake of table salt, smoking, excessive alcohol consumption, stressors Janiszewska 2010, Middeke et al. 2006) . Hypertension is also related to age and genders indicating that up to 55 years of age men are more exposed than women. Studies show that postmenopausal women are more prone to hypertension than their male counterparts (Middeke et al. 2006) .
Untreated hypertension can lead to serious consequences including: cardiac hypertrophy, myocardial infarction, heart failure, arrhythmia, atherosclerosis, renal failure, glomerular damage (Malinowski and Janiszewska 2010) .
In the mid-1980s American researchers introduced a new concept to the classification of blood pressure: high normal blood pressure. In 2003, the recommendations of the 7th report of the Joint National Committee proposed introduction of the category: prehypertension, that is preceding the development of hypertension. Since 2007 this term has not been used (Chonanian et al. 2003) . Adult high normal blood pressure varies within the range of systolic blood (SBP) 130-139 mmHg, and diastolic blood pressure (DBP) 85-89 mmHg.
Results of research conducted as part of the Framingham Heart Study confirmed the association of high normal blood pressure with an increased risk of cardiovascular disease (Vasan et al. 2001) . This study revealed that people with high normal pressure were more likely at risk of future persistent hypertension and experience of cardiovascular events than those whose pressure values were lower. At present, it is recommended that all people who are in this group should change their lifestyle. High-risk groups may benefit from pharmacological treatment, although the criteria for selecting patients for whom the benefits of pharmacotherapy would be higher than the costs are difficult to define. People with high normal pressure constitute a significant part of the population in different countries. In Poland 30% of the adult population and 7.4%/5.4% of adolescent females and males aged 10-18 years have this condition (Czarnecka and Bilo 2005; Krzyżaniak et al. 2019) .
Having in mind the above-mentioned facts, the purpose of this work was twofold: to determine prevalence of hyper-tension and high normal blood pressure in young and generally healthy academic students, and to assess impact of body weight status, body fatness, field of study and selected lifestyle factors on the arterial blood pressure (BP) values.
Materials and Methods
Material consists of male and female students (volunteers) of full-time undergraduate and graduate studies representing two faculties, Biology and Agriculture (374 participants) and Physical Education (357 participants, intensive and regular physical activity resulting both from sports activities and sports camps as part of their studies and their own individual interests in sports) of the University of Rzeszów students. The exclusion criteria were extreme obesity, pregnancy, and cardiac pacemaker. The total number of the participants was 731, including 428 women and 303 men. The surveyed people were mostly residents of rural areas and small towns (72%), the rest were residents of medium and large cities.
The research project was approved by the Bioethics Committee of the University of Rzeszów. Non-invasive testing for BP values and their correlates did not expose study participants to loss of health. All participating individuals gave their informed consent to participate in the tests. Research was carried out in the University of Rzeszów premises.
The study consisted of anthropometric characteristics and body composition. Body height was measured with an accuracy of 1 mm using an anthropometer; waist circumference was measured by the torso narrowing in the waist; hip circumference was measured at the maximum glute convexity; the largest thigh circumference was measured just below the buttocks in the natural groove seen from the back . All circumferences were measured with an anthropometric tape with an accuracy of 1mm.
Body skinfold thickness (triceps, subscapular, supra-illac, and abdominal) was measured with a harpenden skinfold caliper, with a constant jaw pressure of 10 g/ mm² with an accuracy of 0.01 cm on the right side of the body. Subscapular was measured horizontally below the lower blade angle, triceps was measured vertically on the back surface of the arm, just above the triceps, supra-iliac abdominal was measured diagonally in a quarter of the distance between the navel and the anterior superior iliac spine.
The percentage of fat in the body and body weight with an accuracy of 0.1 kg was determined using the TANITA TBF 300 analyzer (specifications: tetrapolar bioelectrical impedance analysis, measurement frequency 50kHz, measurement current electrode 500µA, material: pressure contact stainless steel foot pads).
Bioelectrical Impedance Analysis (BIA) is a reliable, non-invasive, safe and effective method of determining body composition, BIA is about measuring the overall electrical resistance of the body, which is related to both passive and active resistance (reactance) using a set of surface electrodes connected to a computer analyzer and by means of known intensity and frequency of electrical current (Lewitt et al. 2007) . In order to determine the subjects' degree of body fatness and the fat distribution in the body the following anthropometric indicators were calculated as recommended in Malinowski and Bożiłow (1997) : BMI (Body Mass Index) weight and height index (body mass in kg by body height in me-ters squared), Rohrer index (body weight by body height in cubic meters multiplied by 100), Oeder index (real body mass by theoretical body mass in kg multiplied by 100), Skerlj index (thigh circumference in cm by body height in cm multiplied by 100), WHR (waist to hip ratio) index (waist circumference in cm by hip circumference in cm), WHtR index (waist to height ratio) (body height in cm by waist circumference in cm).
Using the author questionnaire the following information about students was collected: the year and field of study, elements of lifestyle related to frequency of cigarette smoking, passive smoking, frequency of alcohol drinking, time devoted to physical activity, number of stressful events.
The systolic and diastolic blood pressure values were measured on the left arm in a sitting position using the traditional shoulder sphygmomanometer according to the Korotkov method (Kabat 2001 
Statistical Analysis
Descriptive statistics, one-way analysis of variance (ANOVA) and linear regression were performed using STATISTICA 9.0 (StatSoft Polska). The Chi-square independence test was used to test qualitative data and F test for quantitative data. Four regression models were used, separately for systolic and diastolic pressure, and separately for women and men. Set of independent variables consisted of (1) dichotomous variables: field of study, place of residence, alcohol consumption, cigarette smoking, occurrence of stress and physical activity; (2) indicators of body composition: skinfold thickness (mm) under the shoulder blade, on the shoulder, on the abdomen; percentage of body fat (%), BMI index (kg/m 2 ), Rohrer index (kg/m 3 ), Škerlj index (ratio of greatest thigh circumference to height in cm), waist to hip ratio index (WHR), waist to height ratio index (WHtR), Oeder index (ratio of body mass to theoretical body mass in kg multiplied by 100).
The optimal model of factors associated with high normal blood pressure and hypertension was chosen using the procedure of backward selection stepwise regression
Results
Prevalence of blood pressure categories is shown in Table 1 .
The systolic blood pressure remained normal for majority of study participants (65.1%). A relatively great number of study participants had high normal blood pressure and mild hypertension (22.6% and 10.3%). Moderate hypertension and hypotension were recorded in some individuals. The diastolic blood pressure was most frequently within the norm (78.4%). The high normal pressure had 7.1% study participants and mild hypertension 11.6%.
It was found statistically significant gender differences in hypertension prev-alence with every tenth woman and every third man having this condition (Table 2).
Similar differences were found in prevalence of high normal pressure with 19% of women and 23% of men affected with this condition.
The field of study appeared to be a significant risk factor of abnormal blood pressure. Students of physical education were less likely than their counterparts studying natural sciences to have hypertension in both genders (8.7% vs 11% in females and 25.1% vs 51.2% in males). Table 3 shows results of one-way ANO-VA. Average values of somatic (anthropometric) characteristics stratified by blood pressure categories confirmed differential effect of body weight status (ponderal indices such as BMI, Rohrer index, and Škerlj index) and body fat percentage on blood pressure status with the highest values of these indices associated with hypertension. Subcutaneous fat (with the exception of subscapular skinfold) was not associated with blood pressure status. Alike subcutaneous fat, central body fat distribution (WHR) was not associated with blood pressure status either.
Results of stepwise multivariate regression analysis with backward elimination showed slightly different pattern of factors associated with blood pressure status in female and male study participants (Table 4 
and 5)
In the optimal model of regression for systolic blood pressure, 5 variables were found in women, which are listed in Table 4 . The adjusted determination coefficient (R 2 ) for this model was 27.3% (F = 37.6, p<0.0001). It means that almost one third of the total variance in blood pressure status was accounted by variables in question. In the set of adjusted variables, BMI and field of study affected blood pressure values, both at p<0.001. Systolic pressure increased with BMI and was higher in students of the natural sciences.
The optimal regression model for diastolic pressure in women includes 3 statistically significant variables, which are listed in Table 4 . The adjusted determination coefficient (R 2 ) was 10.0% (F = 11.0, p<0.0001). That is the accuracy of estimating diastolic pressure for women using the regression model is Abbreviations: R 2 -determination coefficient; F -test statistics with the statistical significance assessment (p) of the whole model; B -coefficient in the regression model; p -assessment of the significance of individual factors; β -standardized regression coefficient; NS -natural sciences; PE -physical education. rather low. Diastolic pressure increased with the BMI level (by 1.1 mm / Hg for BMI higher by 1), it was higher in alcohol drinkers (by 1.7). It decreased as the Rohrer index increased. Values of standardized regression coefficient β, indicated that the BMI and Rohrer index had the greatest influence on the diastolic pressure values (Table 4) .
In the optimal regression model for systolic blood pressure, 3 statistically significant variables were found in men, which are listed in Table 5 . The adjusted determination coefficient (R 2 ) was 28.5% (F = 39.7, p<0.0001). The systolic pressure increased along with BMI levels (by 1.5 mmHg for BMI higher by 1), it was higher in students of the natural sciences (by 9.6) and people drinking alcohol (by 3.7). Values of standardized regression coefficients β indicated that alike in women, systolic blood pressure values were mostly affected by BMI and field of study.
In the optimal regression model for diastolic pressure, 5 variables were found in men, which are listed in Table 5 . The adjusted determination coefficient was (R 2 ) was 15.1%. Diastolic pressure increased with Škerlj index and Oeder nutrition index. It was also higher in students of the natural science and alcohol drinkers. Values of standardized regression coefficient β indicated that the Oeder index had the greatest influence on the diastolic pressure values whereas alcohol consumption had null effect.
Discussion
Hypertension in young adults is a problem highly underestimated by both experts and national health recommendations, and in practice this fact makes it difficult to diagnose it and treat (Gorczyca-Michta et al. 2014). Our study showed that the prevalence of hypertension in the young people group was high accounting for systolic blood pressure 11% and for diastolic pressure 14%. Majority of study participants had mild hypertension. High normal blood pressure, which is sometimes referred to as so-called pre-hypertensive state, was accounted for 23% (systolic blood pressure) and 7% (diastolic pressure). It is very annoying tendency for quick transformation to hypertension.
Particularly worrying is the fact that systolic pressure was above the norm in 34% of young people compared to the diastolic pressure, which exceeded the normal range in 21% of the total sample. For many years it had been thought that it was the diastolic pressure that was the main prognostic indicator of organ complications in the hypertensive status, however, the results of the Framingham Heart Study showed that the systolic pressure is an independent and stronger indicator of cardiovascular risk, because it contributes to increased heart and vessel load that can result in, for example, heart failure, heart attack, cerebrovascular complications. It was shown that systolic hypertension doubled the overall mortality, increases the cardiac death rate three-fold and the probability of stroke four-fold, especially in women. It should also be emphasized that even when the systolic pressure takes values corresponding to mild hypertension, it already significantly increases the risk of cardiovascular complications and mortality (Witkowska 2004) . The age seems to play an important role in this case, because it has been proven that in people under 50, the diastolic blood pressure within the high normal range more likely led to hypertension than the systolic blood pressure. In addition, it has been demonstrated that in patients under 50, diastolic pressure with normal values compared to systolic blood pressure showed a greater tendency towards high normal blood pressure with further hypertension (Kanegae et al. 2017 ). In our study, the diastolic blood pressure had values corresponding to the high normal blood pressure in 52 people, which was 7.1% of all subjects with an increased risk of developing hypertension.
In Poland, several epidemiological studies were carried out aiming at assessing prevalence of hypertension in relation to gender, such as: Pol-MONICA (Multinational Monitoring of Trends and Determinants in Cardiovascular Diseases in Poland), WOBASZ (Multicenter Study of Population Health in Poland) or NAT-POL research series. The results revealed that until the age of 60, the prevalence of hypertension is higher in men than in women. According to the WOBASZ study, hypertension occurs in 2% of women and in 15% of men aged 20-34. These results are much lower than in our own research (Kawecka et al. 2012) . The incidence of hypertension in students of the Medical University of Katowice was studied by Krzych et al. (2006) . These studies showed that the prevalence of hypertension in young women is almost the same as in our own studies and is less than 10%, while in young men, compared to Rzeszów students, it is less frequently at the level of over 20%. The situation is the opposite in the case of high normal pressure, i.e. its prevalence in students is similar to that in our research and amounts to almost 25% (our research -over 23%), while its frequency in the Katowice students is lower than in female students from Rzeszów, i.e. 14%, and local students over 18%. Gorczyca-Michta et al. (2014) determined the prevalence of hypertension among the Kielce students. It showed in as many as 1/4 of the subjects.
The issue of blood pressure among students also raises the interest of scientists from around the world. For example, measurements of blood pressure values were made among students of a medical university in India. Pre-hypertension or hypertension was found in 67% of Indian students. Interesting is the fact that in the vast majority of cases it is the antihypertensive state, which, however, can very quickly turn into hypertension. Similarly to Polish students, abnormal pressure values are more common in young men (Patnaik and Choudhury 2015) . This type of research was also conducted among academic youth in Slovakia, to be precise, among the students of the University of Trnava. Overall, pre-hypertension was reported in over 22% of students, and hypertension in 18% of the subjects. These results are very similar to those obtained in our research. It was also shown that both hypertension and pre-hypertension, mainly affect men, over 30% and almost 41%, respectively. Our results corroborate with those above described in terms of hypertension but prevalence of pre-hypertension was much higher in our sample. The incidence of high normal pressure in Slovak female students is virtually identical to that of female students in Rzeszów and amounts to 18%, but in young women in Slovakia the prevalence of hypertension is clearly higher and is 16% (Hujová 2013) . The young adult residents of the United States have shown an increase in health awareness and control of hypertension, but it is still a big problem in this population. For example, the incidence of high normal pressure in this group is 23.4% (irrespective of gender) (Zhang and Moran 2017) and this is a result similar to the own research -women 18.5%, men 23.1%.
Among male students, hypertension is three times more common than among women and affects up to 32% of young men. The high normal pressure also affects them slightly more often than women. This state of affairs is probably largely the result of more anti-health lifestyle of men compared to women. One of its elements is the tobacco addiction, our research showed a significant relationship (chi-square independence test) between the frequency of cigarette smoking and the occurrence of hypertension (over half of smokers have hypertension).
A similar and statistically significant dependence was demonstrated by Maniecka-Bryła et al. (2009), who examined the participants of the Early Prevention of Cardiovascular Disease Program in the Non-Public Medical Care Center in Zgierz (excluding persons who had previously been diagnosed with cardiovascular disease and/or diabetes). Pandey et al. (2013) showed the existence of a direct relationship between hypertension and the frequency of smoking and alcohol consumption based on the results of research conducted among the Indian rural population.
Our research showed the association between the frequency of cigarette smoking and the occurrence of hypertension, i.e. young men who smoked cigarettes every day were most often classified as hypertensive, while regression analyzes did not show the existence of a linear relationship between smoking frequency and blood pressure. According to these studies, every second person suffering from hypertension smoked, while in the group with optimal pressure every tenth. Jatoi et al. (2007) assessed the arterial stiffness, among others, by measuring the speed of the pulse wave and it turned out that present and former smokers had a significantly higher speed of the pulse wave and thus greater stiffness of the arteries leading to the development of hypertension in comparison with non-smokers. Arterial stiffness parameters returned to non-significant levels after a decade of quitting smoking. The results of the studies carried out among Vietnamese men indicate that in the development of hypertension significant is not just to currently be a smoker, but the length of smoking period and the number of cigarettes smoked -the longer the period and the higher the amount of tobacco smoked, the higher the probability of hypertension (Thuy et al. 2010) . Some reports also emphasize the independent effect of smoking and hypertension on increasing the risk of cardiovascular diseases (Leone 2015) . Results of Japanese studies suggest that the elimination of two main factors, hypertension and smoking, reduces the risk of death from cardiovascular disease in men by 35% and in women by 22% (Hozawa et al. 2007) .
Hypertension is still considered to be the main mortality factor in the world. Razvodovsky (2014) examined a 100,000 population of the Russian Federation in terms of the relationship between mortality and alcohol consumption, the results clearly showed that alcohol is an important factor contributing to high mortality due to hypertension. Regression analysis confirmed that alcohol consumption is an important factor increasing the level of blood pressure, especially in the case of systolic blood pressure in young men, which is a bad prognostic for the future of this group of subjects. The empirical relationship between heavy alcohol consumption and the occurrence of such circulatory system diseases as hypertension, cardiomyopathy, atrial arrhythmia or hemorrhagic stroke has been established. Reliable information has also appeared on the mechanisms that underlie the protective effects of light and moderate alcohol consumption in cardiovascular diseases (Klatsky 2015) . The key factor seems to be not the fact of drinking or not drinking alcohol, but its frequency and, above all, the amount of alcohol consumed. Research by Briasoulis et al. (2012) showed a protective effect of light and moderate alcohol consumption only for women. Undoubtedly, all these links require further in-depth research and analysis.
The association of overweight and obesity with the occurrence of high blood pressure has been the subject of quite a number of studies and its existence does not raise any doubts at present. The key factor here is not the excess fat itself, but the relative reduction in muscle mass and increased visceral fat, this type of regularity is already observed at a very early stage of postnatal development, i.e. in children diagnosed with primary hypertension (Litwin and Niemirska 2011) . Correlation between the value of blood pressure and the values of somatic indicators, the BMI index among others, WHtR index and total fat content in the body was confirmed by own research. BMI is the most frequently used indicator in this type of research, the correlation between BMI classification and hypertension in medical students in Uganda was examined and confirmed by Nyombi et al. (2016) , only men were the subjects of these studies and the average age was 22 years. The authors also found that the risk of cardiovascular disease in this group was high. Choukem et al. (2017) examining students in Cameroon showed that each increase in BMI by 1 kg/m 2 was associated with an 11% higher probability of hypertension. Quite surprising is the lack of relationship between the blood pressure value and the WHR index in the research on Rzeszów students. Most data from the literature confirms the existence of a correlation between the WHR index and hypertension. In his work, Zhao et al. (2000) showed that both BMI and WHR are good indicators for determining the risk of hypertension, however, it should be noted that people in medium and older age were the research group in this case. In turn, the results of studies conducted among men in India indicate that the BMI index is the best for assessing the risk of hypertension, while WHR for the assessment of the risk of type 2 diabetes (Kaur et al. 2008) . Newer research carried out by Sule et al. (2015) among the patients in a hospital in Nigeria showed a correlation between BMI and WHR indices and hypertension. Cross-sectional studies among adult residents of Nigeria suggest that the best tool for diagnosis of the risk of hypertension in this group of patients is not the BMI or WHR index, but the WHtR index (Chua et al. 2017) , own studies also showed the existence of a significant correlation between the value of arterial pressure in both sexes and this indicator. American studies conducted among women aged 27-44 years also clearly showed that the strongest predictor of the development of hypertension is the BMI index (Forman et al. 2009 ). These results confirm our own regression analyzes, which clearly indicate the dominant role of the BMI index (the exception is diastolic pressure in men) -blood pressure increased with the increase of the BMI index. The results of the research on the assessment of the usefulness of individual anthropometric indicators to determine the risk of hypertension are not conclusive. Probably the correlation of individual indicators with the fat content in the body is of great importance here, in particular the so-called internal fat, or visceral fat.
Our research showed a strong relationship between the BMI and WHtR index and the fat content in the body, and at the same time, the lack of such a relationship in the case of WHR index; and, as it is known, it is mainly the visceral fat that is responsible for the development of a number of various diseases including hypertension. This partially explains the results of own research on the existence or absence of correlation of the indicators with blood pressure values. The correlation of external fatness determined mainly by the thickness of skinfolds and blood pressure values was insignificant. The WHR index, as an index calculated only on the basis of body circumferences, reflects, in the first place, the external fatness of the body and this may be the reason for the lack of the relationship between this indicator and pressure values in Rzeszów students. An interesting exception is the positive correlation between the value of blood pressure and the thickness of the subscapular fold in the studied women and men, however this unusual relationship requires further research.
In our study, two levels of physical activity were represented by students studying physical education (high level of physical activity) and the natural sciences (mild to low level of physical activity). It was found that students of physical education were more likely to have normal blood pressure values (especially men) as compared to their peers of the natural science. The positive influence of regular physical activity on risk reduction for hypertension in both men and women regardless of the level of obesity in Finnish studies has been demonstrated by Hu et al. (2004) The beneficial effect of activity is not limited to simple translating. Increased physical activity decreases the BMI value, which, in turn, causes a decrease in blood pressure, and this impact is probably much more complex. Re-search carried out, for example, by Diaz et al. (2017) among African-Americans suggests that BMI does not directly mediate the relationship between activity and hypertension, and of major importance may here be, for example, the mechanisms including improved endothelial function, activity of the sympathetic system or the renin-angiotensin system. Longitudinal observations and analyzes among women aged 45-50 in Australia proved that both increased BMI and reduced physical activity seem to play an important role in the development of hypertension (Jackson et al. 2014) . Papathanasiou et al. (2015) on the sample of young adults of both sexes in Greece, suggest a significant relationship between BMI and blood pressure values and the lack of such relationship in the case of physical activity. Physical training has proved to be one of the basic methods of both prevention and treatment of hypertension on the physiological basis induced by alcohol consumption (Husain et al. (2014) .) This explains in part higher blood pressure values in students of the natural sciences compared to those studying physical education who are characterized by a high level of physical activity, despite the fact that alcohol consumption is high among the students of both types of studies -especially in men (linear regression analysis). Geleijnse et al. (2004) assessed the influence of various factors related to lifestyle on the development of hypertension in people seen as the population of Western countries, i.e. Finland, Italy, the Netherlands, the United Kingdom and the USA. According to them, factors such as excessive body mass and lack of physical activity have a large share in the development of hypertension, which corresponds to our own research, but according to the same studies, the influence of alcohol on the occurrence of hypertension in people from all the countries that were considered is small, which is, in turn, contrary to the results of our own research. Extensive research done in England on a sample of over one million women showed that moderate physical activity is associated with a lower risk of coronary heart disease, venous thromboembolism and cerebrovascular disease compared to physically inactive people (concerns the scheduled physical activity, e.g. exercises, jogging, etc.).
The same studies also indicate the negative effect of intense physical activity on the cardiovascular system, e.g. by increasing the risk of coronary heart disease (Armstrong et al. 2015) . However, our study (linear regression analysis) showed a clearly positive effect of physical activity on blood pressure -clearly lower blood pressure values in physically active students of physical educationmainly men (exception -diastolic pressure in the group of women).
The problem of the relationship between physical activity and blood pressure seems to be much more complicated than previously thought. The ambiguous research results suggest that body weight and level of physical activity may be independent predictors of blood pressure values, which may have a mutual effect on these values, but may also act independently, and the strength and character of this compound may be influenced by biological, environmental factors and lifestyle of individuals. This problem undoubtedly requires further in-depth research and analysis.
The data found in the literature show that high blood pressure values in young adults are not a local problem but a global one. To a large extent this is due to the fact that the world has become a global village so some of the occurring in it problems are also global. Further research is needed on young adults in terms of hypertension, with particular emphasis on longitudinal studies, with an emphasis on further search for risk factors of cardiovascular diseases. Information campaigns in schools, universities, and primary care physicians are also necessary. On the one hand, campaigns like this would place emphasis on prevention, and on the other, aim to make young people and doctors aware that problems with high blood pressure values affect not only middle-aged and elderly people, but also young people.
Summary and conclusions
Arterial hypertension and high normal pressure are widespread among the students of south-eastern Poland. Research conducted in a group of young people with a high level of physical activity, such as students of physical education, clearly show its positive effect on reducing the occurrence of hypertension and high normal pressure. In a significant part of the examined students, systolic arterial pressure, being an independent risk factor for the development of cardiovascular diseases, exceeds the norm. There is a strong correlation between the values of BMI, WHTR, Rohrer, Škerlj and Oeder nutrition indices with the level of blood pressure. The higher their values, the higher the blood pressure, this correlation was not recorded in the WHR index. Body fatness showed that the total body fat percentage and subcutaneous fat were not statistically significant for blood pressure status.
Among the studied young men there are two very important risk factors for the development of cardiovascular diseases, high blood pressure and smoking, which may interact, but are also independent predictors of the development of cardiovascular disease. More detailed statistical analysis of linear regression showed that in women the strongest relationship with the systolic blood pressure level have BMI (the lower it is the lower the blood pressure) and the type of studies (associated with the level of physical activity and its regularity -lower values of blood pressure in female students of physical education), while only the BMI index turned out to have a significant influence on the diastolic blood pressure. In the group of men, regression analyzes gave the same result as in women in the case of systolic pressure, while the factor most strongly associated with the diastolic blood pressure is the Oeder nutrition index. In summary, the etiology of systolic hypertension in the study group is associated primarily with the body weight and weight-increase index and the level of physical activity, while the diastolic hypertension is mainly associated with body weight and an indicator of nutritional status. Undoubtedly, further research in this area is necessary, such as longitudinal research, which probably would allow getting unambiguous answers to many questions.
An interesting result was found in women -the decrease in systolic blood pressure with the increase in the abdominal skinfold thickness and the increase in WHR. Both characteristics reflect the external fatness of the body (people with this phenotype are often referred to as the so-called FOTI type), which means fat outside -thin inside. This type of obesity is considered the healthiest because it is associated with a slight visceral obesity of the internal organs and low share of the so-called internal fat.
The phenomenon of high blood pressure among young adults is a common and complex problem requiring further in-depth analyzes. This requires further research that the authors intend to carry out in the near future.
